The design and synthesis of C2-linked novel pyrrolo[2,l-c][l,4]benzodiazepine (PBD)-polyamide conjugates (la -c) as DNA minor groove binding agents are described.
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HCT-15 cell lines, melanoma cancer LOX IMVI, MALME-3M, Μ14 and UACC-257 cell lines, ovarian cancer OVCAR-8 cell line, renal cancer, ACHN, CAKI-1 RXF 393, SN 12C, TK-10 and UO-31 cell lines, breast cancer MDA-MB-435 and MDA-N cell lines. 22' -PBD dimers exhibit lower cytotoxicity compared with the PBD-pyrrole polyamide conjugates. These result prompted us to design the synthesis of C2-PBD polyamide conjugates in order to examine their sequence selective binding affinity with DNA as well as their cytotoxicity against human cancer cells. We herein report the efficient synthesis of C2-linked PBD polyamide conjugates which contain different number of pyrrole units.
Results and discussion
The compounds la-c were made according to the routes described in Schemes 1 and 2. The precursor of the PBD acid was synthesized according to Scheme 1. The coupling of 2-nitrobenzoic acid via its acid chloride with the trans-4-hydroxyproline gave (2S)-N-(2-nitrobenzoyl)-4-hydroxypyrrolidine-2-carboxylic acid 3 in 75% yield. This acid was converted into its methyl ester 4 with methanol and H2SO4. Reduction of nitro ester 4 with diisobutylaluminum hydride (DIBAL-H) to produce the corresponding aldehyde 5, followed by the protection of the aldehydic group with ethanethiol afforded the corresponding thioacetal compound 6.
The C4 hydroxy group of compound 6 was oxidized into its corresponding oxo form 7 by using DMSO-AC 2 0 reagent under mild conditions in 60% yield. Wittig reaction of the keto compound 7 with methyl (triphenylphosphoranylidene)acetate afforded the methyl ester 8 in 80% yield. In this reaction the (E) ester 8 was obtained exclusively, which upon hydrolysis with IN NaOH produced the corresponding acid compound 9 in 90% yield. This acid 9 was then coupled with the ß-alanine methyl ester hydrochloride under standard EDCI, HOBt coupling conditions 16 to afford the corresponding coupled ester 10 in 80% yield. Hydrolysis of 10 with 1 Ν NaOH produced the corresponding acid 11 in 90% yield. This latter compound was then coupled with the amine moiety of different pyrrole polyamides in the presence of EDCI in dry DMF to obtain the desired products 12-14 in 70 % yield. The corresponding amino compounds were then prepared by hydrogenation of the corresponding nitro polyamides. Hydrogenation of compounds 12-14 with H 2 /Pd-C afforded 100%
conversion of the nitro compounds to the corresponding amino compounds. The latter were then subjected to deprotective cyclization with HgCl 2 /HgO in aqueous acetonitrile at room temperature affording the corresponding imines la-c in 30 % yield. Since the conjugation of the polyamides with PBD resulted in highly polar imines, this necessitated the use of methanol in combination with DCM as eluent during the washing of the imines and, therefore, the product was obtained as a mixture of imine and its methyl ether in 1:
1 ratio. The presence of both the forms was confirmed by NMR and mass spectra. The final compounds were isolated in 25-30% yield.
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In conclusion, we described the synthesis of C2-PBD polyamide conjugates which contain pyrrole units bonded through the C2 position with a linker of two carbons. Their sequence -selective binding affinity with DNA as well as their cytotoxicity against human cancer cells will be reported in due course.
Experimental
Melting points were determined on an Electrothermal melting point apparatus and are uncorrected.
All the chemicals used were of reagent grade. Dimethylformamide (DMF) and methanol (MeOH) were of anhydrous grade procured from Aldrich Chemical Co. The 'H NMR spectra were recorded on a Brucker (300MHz) spectrometer. Mass spectra were determined on an Associate Electrical Industries (ΑΕΙ) MS-9 and MS-50 focussing high resolution mass spectrometers. Kieselgel 60 (230-400 mesh;E. Merck, Rahway, NJ) was used for flash column chromatography and precoated silica gel 60F-254 sheets (E. Merck) were used for thin layer chromatography. TLC plates were visualized by using UV light.
Methyl 3-[2-[(5S)-5-[Bis (ethylthio) methyl] -1-(2-nitrobenzoyI)-tetrahydro -1Η -3 -pyrrolyliden]-acetamido] propionate (10)
To a solution of acid 9 (3.0g, 7.31 mmol) in dry DMF (20ml) were added EDCI (2.80g, 14. 495.00, found 518.13 (M+Na).
3-[2-[(5S)-5 [ Bis(ethylthio)methyl) -1-(2-nitrobenzoyl)-tetrahydro -1//-3 -pyrrolylidenj-acetamido] propionic acid (11)
A mixture of ester 10 ( 3.0g, 6.06 mmol) in methanol and 10 ml of IN NaOH was placed in a flask fitted with a reflux condenser, then the reaction mixture was heated at 40-50 °C temperature until the ester completely disappeared as shown by TLC. The mixture was cooled in ice with stirring and treated with 0. 
General procedure for the synthesis of compounds 12-14
A solution of the nitropolyamide in MeOH was hydrogenated over 10% Pd/C at 50 psi pressure for two hours and the catalyst was removed by filtration through a Celite pad. The filtrate was concentrated to dryness under reduced pressure (at RT) to afford the corresponding amine. Owing to the sensitivity of the amine to oxidation, it was used for the next reaction immediately. It was dissolved in dry DMF and a mixture of the acid 11, hydroxybenzotriazole, and EDCI in DMF was added. This mixture was stirred at RT for 12 h and after completion of the reaction the solvent was removed under reduced pressure to afford a dark oil which was purified by flash column chromatography on silica gel by using methanol-dichloromethane as eluent to afford the coupled thioacetal 12-14 as a yellow crystalline solid in 60% yield. 
General procedure for the synthesis of compounds la-c
To a solution of polyamide coupled thioacetals 12-14 in methanol was added 10% Pd/C and the compound was hydrogenated in a Parr shaker at 50 psi pressure for 2 h. TLC indicated the complete consumption of starting material, and the reaction mixture was filtered on a small celite pad to remove Pd/C.
The filtrate was concentrated under reduced pressure to remove methanol and dried under high vacuum to afford a yellow crystalline solid in almost 100% yield, the composition of which was confirmed by NMR and 
